This paper is one of a series of papers describing the development of a new numerical method for the Navier-Stokes equations. Unlike conventional numerical methods, the current method concentrates on the discrete simulation of both the integral and differential forms of the Navier-Stokes equations. Conservation of mass, momentum, and energy in space-time is explicitly provided for through a rigorous enforcement of both the integral and differential forms of the governing conservation laws. Using local polynomial expausions to represent the discrete primitive variables on each cell, fluxes at cell interfaces are evaluated and balanced using exact functional expressions. No interpolation or flux limiters are required. Because of the generality of the current method, it applies equally to the steady and unsteady Navier-Stokes equations.
I. Introduction
This paper is concerned with the continued devel- Calculations of laminar flow in a channel showed that the developing boundary layer could be accurately resolved using as few as six cells per channel width. Scott s extended the internal flow scheme to external flows, and showed that the boundary layer on a finite flat plate could be accurately resolved using only ten cells from the wall to the free stream. Chang _ developed an explicit scheme for the one-dimensional, unsteady Navier-Stokes equatious, and presented numerical results for the shock tube problem with viscosity. It was shown that the shock and contact discontinuities could be crisply resolved without the use of flux limiters or weighting functions.
In this paper we are concerned with the further development of the steady-state flux conserva-and nonozthogonal _ids. Finally, we discuss applications of the present approach to the unsteady Navier-Stokes equations.
II. Steady-State Flux Conservation in Two Svaee Dimensions
We begin by considering the system of integral conservation laws _s hm'_--0 (2.1) (v) in E2 Suppose that (2.1) holds for any V in a fixed domain 2) in E2, and that each l_m varies smoothly throughout 2). Then one obtains,by way of the divergence theorem, the differential conservationlaw
2)
where V - (_, _) .
If information about the behavior of the hm (or their intermediate variables) on the boundary B(2)) of 2) is also known, then equation (2.2), along with the known boundary information, represents a steady-state boundary value problem. We will subsequently refer to equation (2.2) and
its associated boundary conditions as boundary value problem (2.2). Suppose that 2) is the rectangular region shown in Figure 1, and that h_, m --1,. ..,M is the exact solution to boundary value problem (2.2).In addition, leteac_ hm be analyticthroughout 2). (From here on, we dzcp the m subscriptfor clarity.) Then near any (Xo,No) in 2 (2.12) [,,:
Equation (2.10) requires that the fluxes satisfy At the channel inlet, we specify the two components of velocity, and at the exit we specify the pressure. Along the upper and lower walls we require that there be zero mass flux. In addition, we impose the no slip condition for u at the midpoint of the wall face of each cell.
For laminar flow in a straight channel, it is well known that the streamwise pressure gradient is nearly constant, except in a short entrance region. Thus, _ 0 and -.v.._ _ 0 throughout most of the channel.
It is reasonable then to make the simplifying assumption that p_,, = 0 and p_,l -0 on each cell. This provides an additional 2N_N i conditions. The number of conditions still needed to close the system is then Ni(Nj -1). Since this is the number of horizontal interfaces in the mesh, there is an additional degree of freedom in specifying horizontal interface conditions. We choose to close the system by requiring the u velocity to be continuous st the midpoint of _ horizontal interface.
The discrete boundary value problem outlined above is In general, conditions (3.22) -(3.23),together with additionalboundary conditions,can be used to closethe discrete system of equations for an arbitrary flow field. By introducing such higher-order conditions,the system is not only closed,but additional physics are brought into the scheme. Thus, it ispossibleto adapt one'sparticularchoiceof closureto the physicsof a specific flow field.
In the generalcase,there are an additional2NiNj unknowns to be solved for. However, the size of the system to be solved is stillION_Nj, as in the con- Co,1 + m Cl,o + 6 C1,1 + 2,-6 C2,o) + A 2 (Co,_ + me1,1 + m2C2, Ill Figure 22 , we compare the predicted  _ (i.e.,   u0,1) 3+ (1/2)(3-v) (-2)21-1  (4.5) f3 --7 u2 us/ul --(1/2) (j,,) , let urn, f,n and fm be represented in discrete form through the linear expansions for all (j, n). The reader is referred to Reference [2] for the details.
In Figure 23, numerical /_e, [(2v,,o+u.,,) ,., v,,, "t-v,,a + 1o,. 2) + ux.t v,., (v,,,  u,,, -u,,, v2, , ux., -u, ., = Uo., v,., -.-_(u,., + 13,.0) (A.46) 2 h, ffi., = u,., v,., + v,.,u,., - , u_., + v, ., Vo.2+ _ u_., ., 13.., /9 (Xo, y°) 
